Over-consumption of high-energy foods and a lack of physical activity are the main behavioural risk factors for people to develop obesity. These behaviours are influenced by a range of individual-level factors which are nested within contexts that contain influencing characteristics further upstream. In this paper, we define these upstream determinants. We also provide a historical background, summarise the current evidence base regarding these determinants across various types of environments and put them in perspective.
Introduction
The increasing prevalence of obesity creates a growing burden for people, health care systems, and societies. The fundamental cause of obesity is an imbalance between calories consumed and calories expended [1] . Next to over-consumption of high-energy foods and lack of physical activity, there is also evidence that lack of sleep [2] , high stress levels [3] and sedentary behaviour (i.e., sitting) [4] play a role. These 'obesogenic' behaviours can occur conjointly, in a dynamic way and with changing levels of intensity over the course of a day, year and lifetime. Obesogenic behaviours, in turn, are influenced by a range of individuallevel factors including biological and genetic factors, but also psychological factors such as knowledge, motivation and ability, which are nested within contexts that contain influencing characteristics further upstream. Attention to the upstream determinants ( fig. 1 ) of obesity is increasing, as these determinants suggest entry-points for population-level action to prevent obesity and to reduce its prevalence and burden. In this paper, we define the upstream determinants of obesity and put them into perspective.
Historical Developments Leading to Obesity
In the process of domestication, we went from hunting and gathering food to planting and planning food production. We have advanced our methods to secure food resources and have created environments that make access to foods easier. Simultaneously, smart engineering obviated heavy manual work such that populations sit more and move less, despite busier schedules. In other words, we have adapted the context we live in. Up until a few decades ago, our energy intake and energy expenditure remained in balance, but in many developed countries we have reached a tipping point whereby excess energy has resulted in increased rates of obesity [5] . The relative price of calorie-dense foods and beverages has decreased in tandem with the observed rapid increase in consumption of energy-dense products [6] while physical activity can now be avoided almost everywhere and anytime, which has led to a decrease in our energy expenditure [7] . Geoffrey Rose has stated that 'the primary determinants of disease are mainly economic and social, and therefore its remedies must also be economic and social' [8] . Instead of focusing on a few high-risk individuals (for example those with a genetic predisposition), he pushed for a focus on the factors that pose a risk to entire populations, a significant one being the nature of the environments we live in.
Defining Upstream Determinants of Obesity
Upstream determinants of public health are usually defined as those overarching factors that are largely beyond the control of the individual and which have significant spill-over effects on other more proximal -or downstream -determinants of health. This concept draws on the idea of the lasting and far-reaching effects a polluted river has on populations living downstream. The term 'upstream' in this context stems from a popular analogy, 'moving upstream,' that is used to highlight the importance and relevance of primary prevention (see also 'Moving Upstream' below) [9] . The term is especially popular in the field of health disparities as 'it is unlikely that molecular etiological forces located within the individual will explain much of the heterogeneity in health and disease among social groups, places and times' [10] . An upstream determinant of obesity can be defined as any contextual characteristic (i.e., beyond individual-level characteristics) that influences obesogenic behaviours. Upstream determinants can take the form of tangible characteristics in the built or natural environments that surround us, such as cycling lanes, green space or fast-food outlets. Upstream determinants may also simultaneously manifest as -and interact with -less tangible features in our economic, political and socio-cultural environments [11] . Most conceptual frameworks assume a hierarchical arrangement of causal influences, with the primary cause originating at the cell level and contextual factors viewed as more distal and therefore less powerful risk factors [12] . However, it is important to acknowledge that causal pathways can also run from higher to lower levels, in which upstream determinants at the social and physical environmental levels influence and regulate lower-level factors such as individual behaviour, psychology and physiology. This is called downward causation [12] .
Identifying Upstream Determinants of Obesity

Moving Upstream
While walking along the banks of a river, a passer-by notices that someone in the water is drowning. After pulling the person ashore, the rescuer notices another person in the river in need of help. Before long, the river is filled with drowning people, and more rescuers are required to assist the initial rescuer. Unfortunately, some people are not saved, and some victims fall back into the river after they have been pulled ashore. At this time, one of the rescuers starts walking upstream. 'Where are you going?' the other rescuers ask, disconcerted. The upstream rescuer replies, 'I'm going upstream to see why so many people keep falling into the river.' As it turns out, the bridge leading across the river upstream has a hole through which people are falling. The upstream rescuer realizes that fixing the hole in the bridge will prevent many people from falling into the river in the first place.
But what are the upstream determinants of obesogenic behaviours, obesity and the range of subsequent chronic non-communicable diseases we find further downstream? Neighbourhoods and communities have always been important units of research into upstream determinants of health outcomes like obesity [13] . Social factors such as segregation and social networks may have an impact on neighbourhood social interaction by shaping how people perceive their circumstances, influencing where and with whom they live, and shaping available resources. Similarly, the quality and content of the houses, infrastructure and facilities in neighbourhoods have a profound effect on behaviour and health outcomes. Yet, despite finding evidence of such relationships, we are only beginning to understand the causal pathways through which these contextual factors contribute to obesity. Upstream determinants are multiple, none operates in isolation, and they interact at different levels. Many types of research pose challenges, but research on the upstream determinants of obesity faces particular challenges due to the complexity of the causal pathways and the long time periods during which effects manifest themselves [14] .
Upstream determinants of obesity are most often explored in the context of crosssectional observational studies. Randomised experimental studies allow for the possibility of isolating specific risk factors and exposing subjects at will, but in real life contextual factors do not occur in isolation, and it is often difficult to randomise individuals to new or changed environments. In spite of this, some examples do exist. For instance, in the study by Ludwig and colleagues [15] , more than 4,000 women with children, residing in disadvantaged neighbourhoods with high poverty rates, were randomly assigned to one of three groups: a group that received vouchers that enabled them to move, a group that received vouchers to move to a wealthier neighbourhood and a group that received no vouchers. The opportunity to move to a neighbourhood with less poverty was associated with modest but potentially DOI: 10.1159/000471489
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The types of environments in which upstream determinants of obesity appear can be divided into physical (what is available), socio-cultural (what are the attitudes and beliefs), economic (what are the costs) and political (what are the 'rules') [11] .
A number of systematic reviews conducted in the last decade show that there is little evidence of single physical environmental factors being strongly related to obesity [17] [18] [19] [20] [21] [22] . Only two factors seemed to correlate consistently with weight status, namely urban sprawl and land-use mix. Evidence from the US has shown that residents living in sprawling suburbs with lower residential density are generally more likely to be obese. The purported pathway by which urban sprawl impacts obesity is that residents may be less inclined to opt for active modes of travel, have decreased access to facilities and engage less in social interaction [23] . Another relatively consistent finding is the link between land-use mix and obesity, such that a better mix of residential, commercial, institutional, industrial, recreational and agricultural land use is generally associated with less obesity. Again, this is likely to be due to increased levels of active modes of travel as more amenities are available in closer proximity.
The socio-cultural or social environment (i.e., the way we relate to each other) has also been studied extensively in relation to obesity. The most consistent upstream social determinant of obesity is socio-economic status and inequality: in higher-income countries, lower socio-economic status -and more inequality in general -is associated with higher levels of obesity in adults. (e.g. [24] [25] [26] [27] ). This may be explained by the lack of psycho-social and material resources of those with a lower socio-economic status; i.e., a lack of knowledge, social support, money and means [28] . The influence of other people, such as neighbours, family members, friends, colleagues and other 'social network' members, is also an important correlate of obesity risk. Christakis et al. [28] have shown that obesity spreads through social networks over time, mainly via siblings and friends. Explanations of the perceived effect of social networks include social contagion (whereby the network influences obesity-related behaviours via modelling), social capital (whereby a sense of belonging and social support influence obesity-related behaviours) and social selection (whereby an individual's network is a function of their weight) [29] . In a recent systematic review, we showed that the strongest social environmental correlates of obesity were, indeed, social capital and collective efficacy, but, in general, few social environmental factors were consistently related to adult obesity [30] .
Studies on economic and political contextual correlates of obesity are sparser, although there is increasing evidence of an effect of the cost of a healthy diet [31] . Rao et al. [32] have investigated whether or not healthier foods and dietary patterns are more costly than less healthy options and concluded that this was indeed the case. The price difference of about USD 1.50/day/person represents the price difference for consuming a much healthier (e.g., a Mediterranean-type diet rich in fruit, vegetables, fish and nuts) versus a much less healthy overall diet (e.g., a diet rich in processed foods, meats and refined grains). Although health is considered to be a political matter [33] , and many determinants of obesity require political action, there is a general lack of insight into the political upstream determinants of obesity. One study suggests that quality of governance is associated with obesity as increased stability and greater effectiveness of government provide more opportunities for policy makers to focus on key public health problems [34] . Another study linked civil law origin (comparing the British and the French models) to obesity in terms of the degree of regulation (e.g., market forces, consumer protections, lack of pricing freedom) [6] . World-wide, policy-driven approaches to reduce the prevalence of obesity are increasing considerably, but as yet, no government has implemented a comprehensive or effective set of policy approaches [35] .
Discussion
The fragmentation of knowledge and studying upstream factors in isolation does not reflect the way the world works. Instead, it is the result of the analytic lens we impose -it is our natural predisposition when confronting a difficult problem to take things apart and treat the parts separately [36] . Obesity is a caused by a complex system of both downstream and upstream factors that interact with one another [37] . As such, there is growing recognition of the need to consider the multifaceted and complex nature of upstream influences on obesogenic behaviours [38] . A greater appreciation of systems theory and the use of system models may be helpful, but considerable challenges remain.
In contrast, efforts to prevent obesity and/or reduce population levels of obesity do not necessarily have to be complex. It can even be argued that obesity is, in principle, a simple problem and that obesity is only a complex problem because we make it a complex problem. Boldly speaking, if we want populations to live in free market economies and commercial environments in which they are constantly being challenged or even manipulated by food and other industries, have access to an abundance of places to sit and eat, while at the same time maintaining a normal weight, then things start to get complex. No single measure will be able to resolve the problem on its own, but a 'simplistic' view of the upstream causes of obesity may help us shape upstream solutions. For example, despite strong resistance from the beverage industry, several countries have adopted sugar-sweetened beverage taxation policies, simply because a decrease in the consumption of sugar-sweetened beverages is likely to prevent obesity or reduce obesity its prevalence. Such steps are difficult to implement and require decisiveness and courage, but sometimes compelling scientific evidence follows the action [39, 40] .
By refraining from making political decisions about the prevention of obesity in populations, responsibility for the problem is shifted downstream to medical doctors that are confronted with the consequences of their patients' obesogenic lifestyles (i.e., treating sick individuals) [41] . Yet, there is an emerging movement of 'upstream doctors' that acknowledge that our health depends on social and environmental context [42] . These upstream doctors, along with a growing number of 'upstreamists' from a wide variety of disciplines, understand that obesity, diabetes and cardiovascular disease are for a large part the result of our busy modern schedules, the unhealthy food choices available in our stores and the way our neighbourhoods are designed. Individual-level approaches will continue to be important, but priority should be given to political actions that address our 'obesogenic environment' [5] . This is not a sprint, this is a marathon, and the levers for change are upstream.
